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REVIEW

Recent progress in dengue vaccine development
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Dengue virus (DENV) has four distinct serotypes. DENV infection can result in classic dengue fever 
and life-threatening dengue hemorrhagic fever/dengue shock syndrome. In recent decades, DENV 
infection has become an important public health concern in epidemic-prone areas. Vaccination is 
the most effective measure to prevent and control viral infections. However, several challenges 
impede the development of effective DENV vaccines, such as the lack of suitable animal models 
and the antibody-dependent enhancement phenomenon. Although no licensed DENV vaccine is 
available, signifi cant progress has been made. This review summarizes candidate DENV vaccines 
from recent investigations. 
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INTRODUCTION

In recent decades, dengue fever (DF) has been the most 
common mosquito-borne disease in tropical and sub-trop-
ical regions of the world (Guzman M G, et al., 2014). 
The etiologic agent, dengue virus (DENV), belongs to 
the Flaviviridae family. It has four closely related sero-
types (DENV-1–4). DENV infection can cause non-spe-
cifi c self-limited DF or severe fatal dengue hemorrhagic 
fever/dengue shock syndrome (DHF/DSS) (Bäck A T, 
et al., 2013; Halstead S B, 2012; Normile D, 2013). The 
incidence of DENV infection has increased 30-fold over 
the last 50 years. In 2013, the annual global incidence, 
estimated by the World Health Organization (WHO), was 
close to 390 million and three times higher than that in 
2009 (Bhatt S, et al., 2013; Normile D, 2013). Notably, 
three epidemics have emerged in southern Asia, southeast 
Asia, and the United States (Thomas S J, et al., 2011). 
Thus, as one of the fastest-spreading diseases worldwide, 
DENV infection is considered an important public health 
concern and a global epidemic by the WHO. 

Dengue vaccines have been under development since 

the 1940s (Mahoney R, et al., 2011). However, there is 
still no licensed vaccine against DENV infection due 
to several reasons, particularly antibody-dependent en-
hancement (ADE). Because DENV has four distinct 
serotypes, there are cross immune responses among the 
serotypes. When humans are infected with one subtype 
of DENV or use a vaccine against one subtype DENV in-
fection, they produce specifi c antibodies to that subtype. 
A secondary infection caused by a heterotypic serotype 
would induce more acute DHF/DSS. This phenomenon 
is called ADE and can increase the risk of severe dengue, 
including DHF/DSS, on a second heterologous infec-
tion (Wahala M P B, et al., 2011). As a result, antibodies 
can be beneficial or harmful, making DENV infection 
complex. To overcome this problem, when designing 
vaccines, a balance among antibody responses to all four 
serotypes should be considered. An effective DENV vac-
cine must achieve long-term protection against all four 
DENV serotypes; i.e., it must be tetravalent (Halstead 
S B, et al., 2005; Letson G W, et al., 2010; Simmons C 
P, et al., 2007). Additionally, although DENV can infect 
several nonhuman species, it does not cause disease or 
reproduce well in those species. Thus, there are no suit-
able animal models for vaccine evaluation. Beyond the 
inherent difficulty of vaccine development, additional 
challenges include knowledge of herd protection and 
vaccine effi cacy in different areas of the world, limited 
understanding of heterologous immunity, and cost of 
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vaccine delivery in developing countries (Letson G W, 
et al., 2010; Normile D, 2013; Thomas S J, 2011; Voelker 
R, 2010).

In recent years, there has been a rapid increase in 
knowledge of the molecular biology of DENV. The 
DENV genome, which is approximately 11 kb in length, 
has a single known open reading frame (ORF) encod-
ing three structural proteins (capsid (C), pre-membrane 
(PrM), and envelope (E)) and seven non-structural 
proteins (NS1, NS2a, NS2b, NS3, NS4a, NS4b, and 
NS5) (Guzman M G, et al., 2014; Guzman M G, et al., 
2010; Thomas S J, et al., 2011). Glycosylated E plays a 
dominant role in antibody generation. Correct folding of 
the E protein requires co-synthesis with PrM, which is 
cleaved to form the M protein during virion maturation. 
However, in certain instances, PrM cleavage is incom-
plete, allowing PrM to function as an additional protein 
for antibody induction. NS1 can trigger a protective re-
sponse through an antibody-dependent complement-me-
diated pathway (Rothman A L, 2011). Therefore, E, PrM, 
and NS1 are the main molecular targets for the devel-
opment of vaccines. By incorporating molecular knowl-
edge of DENVs, virologists have made concerted efforts 
to develop several types of candidate DENV vaccines, 
including live attenuated vaccines (LAVs), inactivated 
vaccines, protein/subunit vaccines, DNA vaccines, and 
others (Rodriguez-Roche R, et al., 2013; Thisyakorn U, 
et al., 2014; Wan S W, et al., 2013). Although no dengue 
vaccine is currently licensed, signifi cant progress has been 
made in the development of a vaccine, and several can-
didates are currently being evaluated in clinical studies. 
This review summarizes recent advances in vaccine de-
velopment and provides new insight into future possibili-
ties. 

LIVE ATTENUATED VACCINES

The development of live attenuated tetravalent den-
gue vaccines is considered the most promising strategy 
against DENV infection. A number of these vaccines 
have advanced to clinical trials. Here several are summa-
rized.

DENVax
Inviragen’s tetravalent live attenuated dengue vaccine 

(DENVax), developed by researchers at the Division of 
Vector-borne Diseases of the Centers for Disease Control 
and prevention (CDC), is based on the backbone of the 
attenuated DENV-2 virus strain PDK-53, obtained by 
serial passage of wild-type viruses in primary dog kid-
ney (PDK) cells (Bhamarapravati N, et al., 1987; Huang 
C Y, et al., 2003; Sabchareon A, et al., 2002). Vaccines 
for the remaining three serotypes were engineered by 
replacing the prM and E genes of an attenuated DENV-

2 strain with those of wild-type DENV-1 16007, DENV-
3 16562, and DENV-4 1036 (Huang C Y, et al., 2003; 
Sabchareon A, et al., 2002). Chimeric DENV-2/1, 
DENV-2/3, and DENV-2/4 replicated effi ciently in Vero 
cells and were immunogenic in AG129 mice. These four 
DENVax components were formulated as a tetravalent 
chimeric dengue vaccine. The vaccine was tested for 
safety, immunogenicity, and effi cacy in non-human pri-
mates. After subcutaneous vaccination with DENVax, no 
clinical signs of the disease were observed. In addition, 
strong T cell-mediated responses and robust production 
of IL-2 and IFN-γ were induced. As low viral titers were 
induced by this vaccine, it would be unlikely to infect 
feeding mosquitoes. Accordingly, it was unlikely to lead 
to unintended transmission. When tested in human vol-
unteers, however, the antibodies were imbalanced for the 
four dengue serotypes following one or more inocula-
tions. DENVax also gave poor protection against DENV-
3. However, there were no vaccination-related severe 
adverse events (AEs). This strategy could induce an an-
tibody response against all dengue serotypes. However, 
dengue-like syndrome development, balancing attenua-
tion to produce acceptable tetravalent immunogenicity 
with minimal reactogenicity, subjects’ age, and ethical 
issues are all needed to be considered in future clinical 
trials (Kitchener S, et al., 2006; Sanchez V, et al., 2006). 
Fortunately, researchers recognize the importance of 
master virus seeds (MVS) and have begun to use this 
to improve DENVax. Recently, it has been evaluated in 
phase 1b and 2 clinical trials. With clinical trials ongo-
ing, DENVax might yet prove to be a safe and effica-
cious vaccine (Huang C Y, et al., 2013; Osorio J E, et al., 
2011). Overall, DENVax proves that the DENV-2 PDK-
53 strain is an attractive vector for developing live atten-
uated vaccines. The DENVax has potential for phase2b/3 
effi cacy studies.

3’ UTRΔ30/vaccines
The Laboratory of Infectious Diseases (LID) at the 

National Institutes of Allergy and Infectious Diseases 
(NIAID), a division of the National Institutes of Health 
(NIH), has been developing a live attenuated tetravalent 
dengue vaccine for more than a decade (Durbin A P, et al., 
2011). 

The 3′ untranslated region (UTR) of the fl avivirus ge-
nome is considered critical to viral RNA replication. As 
a result, this region was selected for investigation. These 
researchers fi rst built attenuated monovalent vaccines for 
each dengue serotype and then tried to mix the monova-
lent vaccines into a tetravalent vaccine that could induce 
a balanced immune response. They used a mutant with a 
30-nucleotide deletion at positions 172–143 in the 3′ UTR 
of DENV-4, designated rDEN4Δ30 (Durbin A P, et al., 
2001; Men R, et al., 1996). At a dose of 105 PFU, it was 
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safe and immunogenic in both non-human primates and 
healthy volunteers. This strain proved attenuated enough 
to elicit protective antibody responses against the wild-
type (wt) virus without apparent severe AEs. It was 
also safe enough to avoid transmission to mosquitoes. 
However, there were still some problems. Asymptomatic 
maculopapular rash, neutropenia and a temporary mild 
elevation of serum alanine amino transferase (ALT) lev-
els were the most common AEs. To determine whether 
these AEs were dose-related, three doses were evaluated 
further: 103, 102, and 101 PFU. The investigators also 
hoped to determine the dose giving 50% human infection 
(HID50) in this study. At these reduced doses, the inci-
dence of serum ALT elevation (1/60) was significantly 
lower than at 105 PFU (5/20). However, the frequency of 
rash and neutropenia was not affected. In regards to the 
HID50, researchers found that a dose of 103 PFU induced 
protective antibodies (58/60) with fewer AEs. For this 
reason, they used this dose for further evaluation of this 
and other serotype vaccines (Durbin A P, et al., 2005; 
Durbin A P, et al., 2001; Hanley K A, et al., 2002).

To reduce the hepatotoxicity of rDENV4Δ30, two 
additional recombinant DENV-4 vaccines were further 
attenuated from rDENV4Δ30, and each was named 
rDENV4Δ30-200, 201 and rDENV4Δ30-4995. They 
also underwent other changes. The former encodes 
two charge-to-alanine substitutions at amino acid res-
idues 200 and 201 in the NS5 protein, and the latter 
encodes a single residue mutated at amino acid 158 
of NS3 (McArthur J H, et al., 2008; Wright P F, et al., 
2009). In clinical trials, rDEN4Δ30-4995 was abandoned 
due to poor immunogenicity, but rDENV4Δ30-200, 
201 had a lower incidence of rash and ALT elevation 
than rDEN4Δ30. Therefore, rDENV4Δ30 and rDEN-
V4Δ30-200, 201 are currently being evaluated as compo-
nents of a tetravalent LAV.

Studies have shown that the 3’UTR contains several 
stem loop structures that are conserved in DENV (Brinton 
M A, et al., 1986). One of these stem loop structures, 
TL2, was used to develop rDENV4Δ30 (deletion of 
3’ nucleotides 172–143). TL2 was also used to design 
rDENV1Δ30, rDENV2Δ30, and rDENV3Δ30. Of these, 
rDENV1Δ30, based on DENV-1 Western Pacific (WP) 
strain, has been evaluated in clinical trials. In animal 
experiments, it was safe, induced significant antibody 
production, and avoided infection with wt DENV-1. In 
volunteers, a single dose of 103 PFU was optimal, being 
effective for more than 6 months. AEs were similar to 
rDENV4Δ30 including rash, neutropenia and ALT ele-
vation (Halstead S B, et al., 2011; Whitehead S S, et al., 
2003). Above all, rDENV1Δ30 was safe and immuno-
genic enough for further evaluation.

Unfortunately, researchers confronted difficulties 
when building monovalent vaccines for DENV-2 and 

DENV-3, and rDENV2Δ30 and rDENV3Δ30 were not 
successful. They found that rDEN2Δ30 was not fully 
attenuated and that rDEN3Δ30 did not prevent viral rep-
lication in animals (Blaney J E, et al., 2004a; Blaney J E, 
et al., 2004b). To solve this problem, they created chime-
ras from two different serotypes of DENV, giving rDEN-
V2/4Δ30(ME) and rDENV3/4Δ30(ME). In clinical trials, 
rDENV2/4Δ30(ME) proved suitable for further evaluation 
in tetravalent LAV (Durbin A P, et al., 2006; Whitehead S 
S, et al., 2003). However, rDENV3/4Δ30(ME) had disap-
pointing immunogenicity even at 105 PFU. Consequently, 
using recombinant DNA technology, two further alterna-
tive strategies, rDENV3-3′D4Δ30 and rDENV3Δ30/31, 
were devised. Both vaccines showed favorable results in 
clinical trials, suitable for further evaluation as compo-
nents of tetravalent LAV (Blaney J E, et al., 2008). 

When administered to humans, researchers still do not 
know the immunogenicity of the tetravalent LAV formu-
lated from several monovalent vaccines. They hope to 
develop a better understanding of the monovalent inter-
ference with one another in tetravalent vaccines and to 
develop a safe, immunogenic, and protective tetravalent 
LAV.

Sanofi  Pasteur CYD tetravalent dengue vaccine 
(TDV) 

The first generation of LAV dengue vaccines, de-
veloped by serial cell passage, had several flaws. Of 
primary concern was that they were genetically and phe-
notypically unstable and caused AEs. To overcome these 
problems, the second-generation vaccine CYD-TDV was 
developed in the early 2000’s by Acambis (now Sanofi 
Pasteur) (Lang J, 2012). CYD-TDV is composed of four 
live attenuated virus strains (CYD-1–4). Each was based 
on a yellow fever virus 17D (YFV 17D) vaccine back-
bone, replacing the genes encoding the PrM and E pro-
teins from YFV 17D with those from DENV. Monovalent 
serotype 1, 2, 3, and 4 CYD viruses (CYD-1, 2, 3 and 
4) express the pre-membrane and envelope genes of 
the corresponding DENV serotype. These CYD mon-
ovalents were combined as a single vaccine preparation 
(TDV) (Guy B, et al., 2010; Guy B, et al., 2011; Lang J, 
2012). Before clinical trials, all vaccine candidates were 
tested for safety and immunogenicity. Extensive pre-clin-
ical research revealed that these vaccine candidates were 
genotypically and phenotypically stable and unlikely to 
revert to virulence or to recombine with other fl avivirus-
es. Moreover, the likelihood of CYD viruses spreading 
via mosquitoes is low. In non-human primates, TDV was 
defined as 5 log10 CCID50 of each virus (5555 formu-
lation) (Guy B, et al., 2009). CYD-2 was evaluated in 
phase I clinical trials in US adults for safety profi le deter-
mination (Guirakhoo F, et al., 2006). Subsequent phase 
I clinical evaluations in Mexico and the Philippines 
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were carried out at 3 doses administered at 0, 3.5 and 12 
months, or 2 doses 8–9 months apart (Capeding R Z, et al., 
2011; Poo J, et al., 2011). These studies were performed 
in people aged 2–45 years, with various flavivirus pre-
immune statuses. A satisfactory safety profile and low 
levels of viremia were observed after vaccination. After 
the first administration, the humoral response was pre-
dominantly against serotype 4. The second or third doses 
then balanced the immune response across all four sero-
types. Preimmunity against fl avivirus had a positive im-
pact and caused little negative effect on safety. Cellular 
immune responses were also tested, giving a favorable 
safety profi le (Guy B, et al., 2008). Based on the phase I 
clinical evaluation, CYD-TDV was given in 3 doses at 0, 
6, and 12 months. Geometric mean titers (GMTs) for all 
serotypes were better under this regimen than the former 
schedule (3 doses at 0, 3.5, and 12 months). 

Phase II trials were conducted in a larger population, 
including children, adolescents and adults, with different 
flavivirus infection and vaccination histories (Harenberg 
A, et al., 2013; Leo Y S, et al., 2012; Sabchareon A, et al., 
11 September 2012). Co-administration with another live 
virus vaccine (measles, mumps and rubella vaccine) was 
also considered to evaluate safety and immunogenicity. 
In parallel with these phase II safety and immunogenicity 
studies, CYD-TDV was the fi rst dengue vaccine to enter 
phase III clinical trials, starting in Australia in 2010. The 
fi rst effi cacy study included 4,000 children (4–11 years) 
from the highly endemic area of Thailand. To com-
pare the efficacy of CYD-TDV in different countries, 
phase III trials were also carried out in Asia (Thailand, 
Indonesia, Malaysia, Viet Nan and Philippines) and 
included approximately 10,000 children (2–14 years). 
In Latin America (Colombia, Mexico, Honduras, Porto 
Rico and Brazil) approximately 20,000 children aged 
9–16 years were enrolled (Guy B, et al., 2011; Lang J, 
2012). In early evaluations, CYD-TDV had genetic and 
phenotypic stability and a low likelihood of spreading 
via mosquitoes. CYD-TDV induced both humoral and 
cellular responses, few severe AEs, and only mild vire-
mia, indicating a bright future.

However, by the end of phase IIb trials in Thailand, 
this TDV demonstrated poor efficacy against DENV-2, 
despite satisfactory PRNT titers (Sabchareon A, et al., 
11 September 2012). As of January 2013, more than 
28,900 individuals have received one or more CYD-
TDV vaccinations, with no safety signals identified. In 
Singapore, scientists found that the immune response to 
CYD-TDV was stronger in children and adults than in 
adolescents (Harenberg A, et al., 2013). This difference 
was also observed in both females and males. During 
this study, severe AEs were observed. Owing to these 
issues, the development of CYD-TDV was ended in 
2012 (Normile D, 2013). More recently, the CYD-TDV 

study group reported new results of CYD-TDV in a 
phase III trial ended in 2014, and they demonstrated that 
the dengue vaccine was effi cacious against virologically 
confirmed dengue (VCD) and severe VCD, and led to 
fewer hospitalizations for VCD in five Latin American 
countries where dengue is endemic (Villar L, et al., 
2014).

WRAIR/GSK tetravalent passaged live 
attenuated vaccine

The Walter Reed Army Institute of Research (WRAIR) 
and GlaxoSmithKline Biologicals (GSK) have been 
co-developing live tetravalent dengue vaccines for some 
time. These vaccine candidates, comprising four mon-
ovalent live virus strains, are now being evaluated in 
phase II for safety and immunogenicity (Sun W, et al., 
2009; Thomas S J, et al., 2013). In the 1970s, Halstead 
(University of Hawaii) discovered that DENV could 
be propagated serially in primary dog kidney (PDK) 
cells. (Halstead S B, 1978) These seed viruses were sent 
to the WRAIR for further study. WRAIR set out to de-
velop a cloned, temperature-sensitive, live attenuated 
vaccine candidate for each DENV serotype. They used 
PDK passage to reduce infectivity. Ten monovalent 
candidates were obtained. Three attenuated strains were 
tested for DENV-1 and DENV-2, and two were tested 
each for DENV-3 and DENV-4 (Innis B L, et al., 2003). 
Expanded studies were carried out to evaluate a tetrava-
lent vaccine candidate comprising four serotypes of live 
attenuated DENV (Anderson K B, et al., 2011). After a 
series of preclinical and phase I/II trials, it was found that 
the tetravalent vaccine was safe and well tolerated, elicit-
ing immune responses against all four DENV serotypes. 
However, antibody production was not fully correlated 
with protection, and antibody responses to DENV-3 and 
DENV-4 were not satisfactory (Sun W, et al., 2006). 
Although no severe AEs were associated with the TDV, 
mild to moderate redness at the injection site was fre-
quently observed after vaccination. Other AEs included 
elevated temperature (most often after dose 2), rash, and 
transient increases in AST (up to 648 U/L) and ALT (up 
to 566 U/L). Seven of the 34 subjects who received TDV 
were viremic on day 10 post-vaccination, with DENV-
4 (N=5) or DENV-2 (N=2) viremia (Watanaveeradej 
V, et al., 2011). Based on these preliminary results, two 
DENV-1 candidates (West Pac 74, 45AZ5, PDK-27) 
were acceptable. A single vaccine was finally selected 
for the other three DENV serotypes: DENV-2 (S16803, 
PDK-50), DENV-3 (H53489, PDK-20), and DENV-4 
(341750, PDK-6) (Sun W, et al., 2009; Thomas S J, et al., 
2013). For better attenuation, these monovalent vaccine 
candidates underwent three additional passages in fetal 
rhesus lung (FRhL) cells and were formulated with a 
carbohydrate stabilizer instead of human serum albumin. 
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The fi nal vaccine was lyophilized as a tetravalent prod-
uct. Two formulations of TDV (F17 and F19) were eval-
uated in a randomized, observer-blind phase II trial in 86 
healthy adults. AEs included headache (33.3%–54.5% 
after dose 1 and 16.7%–37.5% after dose 2) and fatigue 
(22.7%–36.4% after dose 1 and 15%–25% after dose 2). 
Fewer AEs were observed after dose 3. After two doses, 
no DENV-1, -2, or -3 related viremia was detected 31 
days post-vaccination, except for one subject (5.3%) in 
the F17 group between days 5 and 14 post-vaccination. 
DENV-4 viremia ranged from 4.6–5.2 log Geq/mL. 
Seroconversion for TDV F17 was 37.5% after dose 1 
and 60.0% after dose 2; F19 yielded 40.0% after dose 1 
and 66.7% after dose 2. A third dose administered 5–12 
months after the second was ineffective in boosting im-
mune responses to the four DENV serotypes (Thomas S J, 
et al., 2013). These two TDV formulations are now being 
evaluated in a larger number of subjects.

Novel recombinant protein/subunit vaccines
Re-combinant DENV protein/subunit vaccines ex-

pressed in different systems have been evaluated as alter-
native strategies. Compared to live attenuated vaccines, 
recombinant protein/subunit vaccines are safer and more 
readily manipulated through dose adjustment, allowing a 
balanced immune response to all four DENV serotypes. 
However, this strategy has the problem of incomplete 
post-translational processing of proteins, which might 
differ from native proteins and therefore induce unwant-
ed immune responses. Together with other obstacles such 
as poor immunogenicity, multi-dose vaccination and 
the need for adjuvants to generate suffi cient immune re-
sponse, the development of recombinant protein/subunit 
vaccines is challenging (Thisyakorn U, et al., 2014; Wan 
S W, et al., 2013). Those currently under investigation 
will be described briefl y in the following sections. 

PD5 and Domain III-capsid (DIIIC) protein 
vaccine

Researchers at the Center for Genetic Engineering 
and Biotechnology (CIGB) in Cuba have designed two 
novel recombinant protein vaccines. One is recombi-
nant protein PD5, which contains domain III coding for 
amino acids 286–426 of the E protein from DENV-2, 
fused to the carrier protein P64k. Serogroup A capsular 
polysaccharide (CPS-A) from N. meningitis and alumi-
num hydroxide are used as adjuvants. Preclinical trials 
in monkeys demonstrated that the PD5 vaccine (or PD5-
CPS-A) induced humoral and cell-mediated immune re-
sponses after four doses. Antibodies were still detected at 
day 420 (Valdés I, et al., 2009a). In a follow-up experi-
ment, animals were infected with DENV-2, then received 
the PD5-CPS-A vaccine 5 months later. This revealed 
that the recombinant protein PD5 could recall immune 

responses. Thus, the PD5 vaccine was tested further in 
combination with attenuated virus vaccines (Valdés I, et al., 
2010). 

Recognizing the protective capacity of the DENV cap-
sid antigen, researchers designed another recombinant 
protein vaccine as an alternative: the domain III capsid. 
Like PD5, it was tested in monkeys for heterologous 
boosting, as either a prime or a boost dose. Initially 
there were two different formulations of this candidate: 
aggregated (mixed with oligodeoxynucleotides) and 
non-aggregated. In preclinical tests, these two candidates 
induced similar humoral responses, but the aggregated 
formulation resulted in stronger cell-mediated immunity. 
In another trial, the aggregated formulation was also able 
to boost antibodies. Accordingly, it was evaluated fur-
ther (Valdés I, et al., 2009b; Valdes I, et al., 2011). 

Although these two vaccine candidates (PD5 and do-
main III-capsid) are effective against only DENV-2 in 
their current iterations, additional development would be 
worthwhile to promote immunity against other DENV 
serotypes. 

80E subunit vaccine candidate
Hawaii Biotech and the WRAIR have developed a 

tetravalent vaccine candidate by combining the trun-
cated envelope protein subunits (80E) from each of 
the four dengue serotypes with ISCOMATRIXTM ad-
juvant (Clements D E, et al., 2010). The monovalent 
subunit was expressed in the Drosophila melanogas-
ter S2 cell line originally developed by SmithKline 
Beecham (Van der Straten A, et al., 1989). Using this 
system, it was possible to overcome limitations in protein 
expression. Briefly, 80Es truncated at amino acid 395 
(DENV-1, -2, and -4) or 393 (DENV-3) were inserted 
into the pMttΔXho vector and then into S2 cells, to ob-
tain stable cell lines. The dengue 80E proteins had high 
expression levels and maintained a native-like confor-
mation (Coller B A G, et al., 2011). In preclinical trials, 
these four 80E proteins were tested with different adju-
vants (Garçon N, et al., 2011; McKeage K, et al., 2011; 
McKenzie A, et al., 2010). The durability of the immune 
response was also tested for DENV-2 80E formulated 
with several adjuvants. DENV-2 80E formulated with 
ISCOMATRIXTM adjuvant persisted for at least 6 months 
and induced the best memory component. Finally, 80E 
proteins formulated with ISCOMATRIXTM adjuvant gave 
satisfactory results in both mice and non-human pri-
mates (Clements D E, et al., 2010).

To develop a tetravalent dengue vaccine, these four 
dengue 80E proteins were mixed together in equal 
amounts and formulated with ISCOMATRIXTM adjuvant. 
In mice, the antibody titers induced by this tetravalent 
candidate were similar to those induced by the monova-
lent candidates. A balanced tetravalent immune response 
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was observed in animals vaccinated with tetravalent 80E. 
A further experiment was undertaken to evaluate the im-
munogenicity and protective effi cacy of this tetravalent 
vaccine candidate in monkeys. Each monkey received 
4 doses at 0, 1, 2, and 3 months. It was found that both 
low and moderate doses were well tolerated, without 
any AEs. Moreover, protective immunity was observed 
against more than one dengue serotype. These results 
identifi ed dengue 80E proteins as safe, effective and af-
fordable vaccine candidates and they have now advanced 
to phase I clinical trials (Coller B A G, et al., 2011).

Inactivated dengue vaccine
It is   more than 70 years since researchers fi rst attempt-

ed to develop inactivated DENV vaccines (Durbin A P, 
et al., 2010). Although in other areas, especially in the 
prevention of Japanese encephalitis virus (JEV), this type 
of vaccine strategy has been successful, inactivated vac-
cines against DENV are still under development (Aihara 
H , et al., 2000). 

Inactivated DENV vaccines have unique advantages 
over other vaccine construction methods. They  are un-
likely to revert to a more pathogenic phenotype. They are 
also unlikely to interfere with each other (different sero-
types of inactivated DENV) when combined. Moreover, 
inactivated viruses can even be administered to immu-
nocompromised individuals. Obviously, they have short-
comings as well. Inactivated DENV vaccines require 
multiple injections. In addition, production is costly. In 
developing inactivated DENV vaccines, the adjuvant 
plays a crucial role. Therefore, fi nding the ideal adjuvant 
is critical (Durbin A P, et al., 2010; Robert Putnak J, et al., 
2005; Thisyakorn U, et al., 2014). 

A te  travalent purified inactivated DENV-2 vaccine 
(DPIV) is being explored by the Killed Dengue Vaccine 
Initiative from WRAIR, GSK, and the Oswald Cruz 
Foundation. Briefly, the vaccine candidate was devel-
oped in Vero cells harvested from roller bottle culture 
supernatant. After purification, it was inactivated with 
0.05% formalin at 22 ºC (Putnak R, et al., 1996). After 
evaluation in animals for several years, this DPIV was 
found to produce anti-DENV antibodies with few AEs. 
However, based on limited results, one obvious problem 
was incomplete protection (Robert Putnak J, et al., 2005). 
Another problem impeding the development of the PIV 
was that existing adjuvants did not increase immunoge-
nicity. Currently this DPIV has been combined with other 
adjuvants and has progressed to phase I trials (Garçon N, 
et al., 2011; Morel S, et al., 2011; Thisyakorn U, et al., 
2014).

DNA VACCINES

  The concept of DNA vaccination can be traced back to 

the 1990s, immediately gaining wide recognition due to 
its many advantages. In general, DNA vaccines are com-
posed of a plasmid or plasmids containing dengue target 
genes that can be expressed in vivo persistently and in-
duce both humoral and cellular immune responses. DNA 
vaccines are easy to produce and relatively stable at room 
temperature. They also have low reactionogenicity and 
cost. Despite the theoretical risk of nucleic acid integra-
tion into the host’s DNA or induction of anti-DNA anti-
bodies, it appears unlikely to happen in practice (Beckett 
C G, et al., 2011; Sardesai N Y, et al., 2011).

DENV-1 DNA vaccine (D1ME100)
A DENV-1 DNA vaccine was developed in the Naval 

Medical Research Center, United States. The DENV-
1 vaccine construct (D1ME100), using plasmid vector 
VR1012, expresses the PrM and E genes of DENV-1. 
When tested in rhesus macaques and Aotus monkeys, it 
provided 80%–95% protection against live virus chal-
lenge (Raviprakash K, et al., 2000). To evaluate safety 
and immunogenicity in fl avivirus-negative volunteers, it 
was administered in 3 doses at 0, 1, and 5 months. None 
of the 10 volunteers receiving a low dose (1.0 mg), but 
5 of 12 (41.6%) subjects receiving a high dose (5.0 mg) 
developed neutralizing antibodies. The IFN-g responses 
were 50% (4/8) and 83% (10/12) in the low and high 
dose groups, respectively. Although the cross-reactive T 
cell responses were lower overall than the serotype-spe-
cifi c responses, they did occur after administration with 
D1ME100. Common AEs were mild local pain or tender-
ness (10/22, 45%), mild swelling at the vaccination site 
(6/22, 27%), muscle pain (6/22, 27%) and fatigue (6/22, 
27%). No severe AEs were observed (Beckett C G, et al., 
2011). Overall, the candidate gave favorable results and 
further studies are been carried out.

Tetravalent DNA vaccine (WRAIR)
The Naval Medical Research Center and Walter Reed 

Army Institute of Research are using a new strategy to 
evaluate their tetravalent DNA vaccine. Flavivirus-naïve 
rhesus macaques were primed with tetravalent plasmid 
DNA vaccines (TDNA) and then boosted with TLAV 
two months later. Neutralizing antibody titers and vi-
remia were observed after challenge with a near-wild-
type strain of DENV-3 (Simmons M, et al., 2010). Each 
monovalent vaccine candidate contained the DENV PrM, 
full-length E genes, and was cloned into plasmid vector 
pVR1012. Animals received 5 mg (1.25 mg/serotype) of 
TDNA vaccine per dose, administered intramuscularly 
in the upper arm. After challenge with DENV-3 at month 
8, antibody GMTs to all DENV serotypes increased in 
all vaccine groups. Compared with the control group, 
the neutralizing titers to DENV-3 were 50-fold higher. 
Although viremia in the experimental group was shorter 
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(1.5 days on average) than in the control group (5 days), 
the TDNA/TLAV strategy did not provide complete pro-
tection against DENV. Elucidation of the reasons for the 
failure of high antibody titers to provide full protection 
requires further study. Overall, this work gives us a novel 
strategy to evaluate DENV vaccines.

Additionally, monovalent DNA vaccine construc-
tion has been developed by a research group in Beijing 
China, with pCAGGSP7 (pCAG) and internal ribosome 
entry site (IRES) used to express DENV antigens of 

prM-E or prM-E-NS1. These vaccine candidates were 
tested in mice and the results revealed that DNA vac-
cines expressing antigens of DENV-1 or DENV-2 could 
produce good humoral immune responses, strong CTL 
activity and protective efficiency. The protection rates 
in immunized mice ranged from 30%–100% after chal-
lenging with DENV-1 or DENV-2 (Lu H, et al., 2013; 
Zheng Q, et al., 2011). Now, these strategies have been 
tested in mice for other DENV serotypes using a new de-
livery method (Lu H, et al., 2013; Zheng Q, et al., 2011).

Table 1. Dengue vaccines in clinical development*

Developer Product description Stage

Takeda Pharmaceuticals / Inviragen
Live attenuated DNA tetravalent vaccine (attenuated DEN2 
PDK-53 virus and DEN/DEN intertypic chimeric viruses)

Phase 2

National Institutes of Allergy and 
Infectious Diseases/ Butantan Institute

Live attenuated vaccine (targeted mutagenesis of DEN 
viruses and DEN/DEN intertypic chimeric virus)

Phase 2

Sanofi  Pasteur
ChimericVax-Dengue. Live attenuated tetravalent vaccine 
(Yellow Fever 17D/DEN chimeric viruses)

Phase 3

The Walter Reed Army Institute of 
Research and GlaxoSmithKline 
Biologicals

Live attenuated DNA tetravalent vaccine attenuated in 
PDK-53 cells and fetal rhesus lung (FRhL) cells)

Phase 2

Center for Genetic Engineering and 
Biotechnology

Recombinant protein PD5 (domain III of the envelope E 
protein from DENV-2 fused to the protein carrier p64k) / 
Recombinant domain III-capsid protein (comprises the 
domain III region of the envelope protein and the capsid 
protein, both from DENV-2)

Preclinical trials

Merck/Hawaii Biotech
Recombinant DEN1-80E subunit protein vaccine (truncated 
E version)

Phase 1

GlaxoSmithKline/Oswaldo Cruz 
Foundation/Walter Reed Army Institute 
of Research

DEN1, purifi ed inactivated virus vaccine Phase 1

Naval Medical Research Center, Viral 
& Rickettsial Diseases Department

Developed by incorporating pre-membrane and envelope 
genes into a plasmid vector and expresses the prM and E 
genes of DENV-1

Phase 1

The Naval Medical Research Center 
and Walter Reed Army Institute of 
Research

Priming with tetravalent purifi ed inactivated virus (TPIV) 
expressing the structural prM/E gene region (TDNA) then 
boosting with a tetravalent live attenuated virus (TLAV) 
vaccine

Preclinical trials

Department of Microbiology, School 
of Basic Medical Sciences, Capital 
Medical University

Developed recombinant plasmid (pCAGGSP7 and internal 
ribosome entry site (IRES)) expressing DENV antigens of 
prM-E or prM-E-NS1 of DENV

Preclinical trials

International Centre for Genetic 
Engineering and Biotechnology, New 
Delhi, India

Based on DENV-2 E protein VLPs developing virus-vectored 
DENV vaccine

Preclinical trials

*Adapted from references  (Arora U, et al., 2013; Beckett C G, et al., 2011; Lu H, et al., 2013; Simmons M, et al., 2010; Sinha 
G, 2014; Thomas S J, et al., 2013; Valdés I, et al., 2010; Valdes I, et al., 2011)
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VIRUS-VECTORED DENV VACCINES

V irus-like particles (VLPs) can elicit robust immu-
nity in the absence of infection. These foreign proteins, 
expressed by recombinant poxviruses and adenoviruses, 
cause strong humoral and cellular responses in humans 
against various pathogens (Durbin A P, et al., 2010; 
Thisyakorn U, et al., 2014). Despite limited success to 
date, several virus vectors such as adeno-, alpha-, and 
vaccinia viruses are being used to develop dengue vac-
cine candidates (Thisyakorn U, et al., 2014). 

Researchers at the International Centre for Genetic 
Engineering and Biotechnology, New Delhi, India have 
developed a virus-vectored DENV vaccine based on 
DENV-2 E protein VLPs expressed in the methylotrophic 
yeast Pichia pastoris. This vaccine candidate encodes the 
N-terminal 395 amino acid residues of the DENV-2 E 
protein. It also contains part of the 5’ pre-membrane-de-
rived signal peptide-encoding sequences, to achieve 
proper translational processing (Mani S, et al., 2013). It 
can be expressed at high levels in several strains of mice 
with satisfactory immunogenicity. High antibody titers 
were also elicited (Upasana Arora, et al., 2013). This can-
didate is under further evaluation. If necessary, multiva-
lent VLPs could be constructed. Moreover, recombinant 
E proteins expressed in yeast and insect cells and VLP-
based dengue vaccines have been evaluated in preclinical 
trials elsewhere (Thisyakorn U, et al., 2014). 

CONCLUSION

Dengue outbreaks have become a serious public health 
concern worldwide. Currently there is still no specific 
drug against DENV, and vector control has achieved 
limited success. Therefore, vaccine development has 
become more important to prevent damage caused by 
DENV. For a candidate dengue vaccine to be success-
ful, it must exhibit good immunogenicity and protective 
efficacy. It should not cause ADE and should show no 
cross-reactivity with host proteins (Mahoney R, et al., 
2011; Wahala M. P. B., et al., 2011). Although the new 
emerging DENV-5 is slowing the progress of vaccine de-
velopment, advancements are still being made and sev-
eral candidate dengue vaccines are under development 
(Table 1), in particular Sanofi’s dengue vaccine, which 
was the first to complete phase III testing (Normile D, 
2013; Sinha G, 2014). Several vaccines have been evalu-
ated in clinical, preclinical and animal trials (Rodriguez-
Roche R, et al., 2013; Thisyakorn U, et al., 2014; Wan 
S-W, et al., 2013). It is wise to comprehensively assess 
each candidate. With recent technological advancements 
and continuing expansion of the knowledge of dengue 
infection molecular mechanisms, it is likely that a DENV 

vaccine will be licensed in the near future.
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